Following iron-deficient growth, mycobactins and exochelins were isolated from 1 1 strains of Mycobacterium tuberculosis (including type strains of the virulent H37Rv and avirulent H37Ra organisms) as well as from M . bovis (one strain), M . bovis BCG (two strains), M . africanum (eight strains) and M . xenopi (one strain) but not from M . microti (one strain). The mycobactins from the tuberculosis group ( M . tuberculosis, M . bovis and M . africanum) were identical and could each be resolved into four compounds by thin-layer chromatography (TLC) and into several fractions by high-performance liquid chromatography, supporting previous claims that this group is a single taxon. Exochelins were all chloroform-soluble and showed no species specificity; no single exochelin was recognized by TLC that had not been previously seen in M . avium or a related species.
Production of mycobactin and exochelin
Twenty-three strains of M . tuberculosis and related species of mycobacteria were examined for the production of mycobactin and exochelin, after iron-deficient growth. All eleven strains of M . tuberculosis, three of M . bovis, including two of BCG, and eight of M . africanum produced both mycobactin and exochelin but M . microti (one strain only) appeared to produce neither. Production of mycobactin and exochelin reached a maximum after 6-8 weeks with the amounts produced varying according to the strain used (Table 1 ). The ability of the tuberculosis group to produce exochelin decreased with repeated subculture in laboratory growth media, whilst mycobactin production increased. This phenomenon has also been observed for members of the MAIS group, i.e. M . avium, M . intracellulare, M . scrofulaceurn and M . paratuberculosis (Barclay & Ratledge, 1983) .
My cobact ins
Mycobacteria may be differentiated by the mobility of their mycobactins in TLC systems and this is a useful tool in the classification of most mycobacteria (Ratledge, 1987) . Early reports suggested that M . tuberculosis probably produced two mycobactins (White & Snow, 1968), but improved TLC techniques now show that there are four main components (Table 2) . Furthermore, the separation pattern with respect to the RF values of the four components was consistent for the mycobactins from the tubercle and related bacilli ( M . bovis, M . bovis BCG and M . africanum) but differed from that of other mycobacterial species (Table 2 ). The virulent (e.g. H37Rv) and avirulent (H37Ra) strains of tubercle bacilli had identical separation patterns for their mycobactins. Other TLC solvent systems, which had been used successfully to differentiate the mycobactins of other species (Barclay & Ratledge, 1983; Barclay et al., 1985) , failed to differentiate the mycobacteria of the tuberculosis group (results not shown).
Mycobactins can also be differentiated by the nature of their long alkyl chains using HPLC. This separation differs from that of the TLC method, which relies on variations in the polar nucleus of the molecule (Barclay et a/., 1985) , and consequently the elution profiles given by the two processes bear no relationship to each other. HPLC has been used successfully to resolve mycobactins of slow-growing and rapidly growing mycobacteria (Barclay et al., 1985; Hall & Ratledge, 1984 , 1985a , but had not been applied to those from tubercle bacilli. The elution profile for M. tuberculosis H37Ra (Fig. 1 ) was typical in its major features of all the tubercle and related bacilli described in Table 1 , and was distinct from that of other unrelated mycobacteria (Barclay et al., 1985; Hall & Ratledge, 1984 , 1985a . Unlike the mycobactins of the MAIS group (Barclay et al., 1985; Barclay & Ratledge, 1983 , 1986a , the mycobactins of the tuberculosis group could not be used to differentiate the individual members of the group by HPLC.
Ident8cation of mycobactins by TLC
Exochelins Exochelins in the culture filtrates of the organisms described in Table 1 were labelled with 55Fe and extracted with chloroform as before (Barclay & Ratledge, 1983) , separated by TLC and then autoradiographed. Each sample separated into a number of bands of radioactivity (Fig. 2) that corresponded to the orange (exochelin) bands visible on the TLC plate. The patterns were similar in complexity to those previously recorded for the exochelins of the MAIS and M . paratuberculosis groups (Barclay & Ratledge, 1983) . No exochelin components from the tubercle bacilli were found that had not been previously seen with the MAIS and M . paratuberculosis groups. Furthermore, no radiolabelled components were found remaining in the culture filtrates after chloroform extraction, which would suggest that no water-soluble exochelin was produced. Thus, a common and distinct property of most of the slow-growing pathogenic mycobacteria is the ability to produce a number of related chloroform-soluble exochelins.
The ferri-exochelins from the mycobacterial strains shown in Table 1 HPLC, a single example of which is shown in Fig. 3 . Other solvent systems incorporating methanol, acetonitrile, propan-1-01 and water under various gradient systems were examined but were not as effective as the methanol/water gradient system (results not shown). All exochelins exhibited differing elution patterns, similar in complexity to that shown in Fig. 3 , but no differences occurred which could be construed as the result of species differentiation. Thus, the exochelins are unlikely to be of use as chemotaxonomic characters in differentiating mycobacteria but the data obtained by both TLC and HPLC analyses confirms the closerelatedness of this group of iron-chelating materials from the tubercle, MAIS and M . paratuberculosis groups of mycobacteria.
One of the aims of studying iron-uptake mechanisms of pathogenic mycobacteria is to pinpoint new sites for antimycobacterial drugs. The finding that the 'tuberculosis' group of organisms produce extracellular iron-binding compounds that are unique to them and other slow-growing mycobacterial pathogens such as the MAIS group, including M . paratuberculosis, is therefore of great interest. This is particularly so given that exochelins are produced mostly by freshly isolated strains than by laboratory-subcultured ones and suggests that exochelins are the preferred means of acquiring iron in the host. These findings make it likely that an understanding of the iron-uptake mechanisms of any one of the slow-growing pathogens will result in an understanding of them all. Furthermore, the similarity in the exochelins produced by the mycobacteria of the 'tuberculosis' group to those produced by the MAIS group is of taxonomic interest, and suggests that these pathogens may have evolved by a pathway distinct from that of the saprophytes.
We have shown that like the other major species the tuberculosis group, with the exception of M . microti, produce characteristic mycobactins. Unlike the mycobactins from the MAIS group, those from the tuberculosis group could not be differentiated by HPLC which further reinforces the view that these organisms belong to a single taxon (Goodfellow & Wayne, 1982) . However, as the attenuated strains, such as M . tuberculosis H37Ra and M . bovis BCG, produce the same mycobactins and exochelins as their more virulent counterparts, it is clear that although an
